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Aim: To determine whether topical antifungal prophylaxis distributed by paid village health workers
(VHWs) in south India is necessary after corneal abrasion to prevent fungal keratitis in a population where
half of the ulcers are fungal.
Methods: Two panchayaths (village administrative units in Madurai district with a combined population of
48 039 were followed prospectively for 18 months by 15 VHWs who were trained to identify post-
traumatic corneal abrasions. Patients fulfilling the eligibility criteria were randomised into two groups and
treated with either 1% chloramphenicol and 1% clotrimazole ointment or 1% chloramphenicol and a
placebo ointment three times a day for 3 days. Patients, doctors and VHWs were blinded to treatment.
Results: During the 18-month period, 1365 people reported to VHWs with ocular injuries, of whom 374
with corneal abrasions were eligible for treatment. Of these, 368 (98.5%) abrasions healed without
complications. Two patients had mild localised allergic reactions to the ointment, two dropped out and two
patients in the placebo group developed microscopic culture-negative corneal stromal infiltrates that
healed in 1 week with natamycin drops.
Conclusions: Both fungal and bacterial ulcers that occur after traumatic corneal abrasions seem to be
effectively prevented in a village setting using only antibiotic prophylaxis.

W
ith the worldwide decrease in trachoma and other
traditional causes of blindness, such as onchocer-
ciasis and leprosy, the World Health Organization

(WHO) has recognised that corneal blindness resulting from
microbial keratitis is emerging as an important cause of
visual disability.1 The incidence of corneal ulcers in south-
east Asia is especially high compared with other parts of the
world. A retrospective study from south India2 in 1993 found
an incidence of 113 ulcers per 100 000 annually, 10 times
that of the US,3 whereas in Nepal4 the incidence was 799 per
100 000. Similar high rates of corneal ulceration have been
reported from Bhutan5 and Burma,6 leading to the warning
that a ‘‘silent epidemic’’ of corneal blindness may be
occurring in this region as a result of these infections.7

Studies in south-east Asia have also shown that the
greatest risk factor for corneal ulceration is corneal abrasion.
In Nepal8 and India,9 only 53% and 65%, respectively, of all
patients with corneal ulcers could remember having a prior
abrasion, but these percentages are probably low because of
recall bias. In Bhutan,5 where 98% of ulcers are bacterial, no
ulceration developed in any patients treated with 1%
chloramphenicol ointment after corneal abrasion.
Meanwhile, the incidence of ulceration in the surrounding
control districts remained at 301 per 100 000. From these and
other observations, it seems that trivial corneal injury is
indeed the main risk factor for microbial keratitis in
developing countries and that proper prophylactic treatment
of these injuries can prevent ulcers from occurring. In the
Bhaktapur Eye Study in Nepal,4 keratitis was prevented in
407 (96%) of the 424 patients reporting within 48 h after
corneal abrasion. However, there were 18 ‘‘breakthrough’’
ulcers that occurred despite prophylaxis with 1% chloram-
phenicol ointment, and all were culture-proved bacterial
infections. This was unexpected because it is known that 20%
of culture-proved ulcers in Nepal8 are fungal, and therefore at
least a few of the breakthrough ulcers should have grown

fungal pathogens. In a recent study in Burma,10 where two
thirds of all corneal ulcers are caused by fungi, microbial
keratitis was found to be prevented in all patients presenting
with a corneal abrasion, using a prophylactic combination of
1% chloramphenicol and 1% clotrimazole ointment for
3 days. It was assumed that clotrimazole was effective in
preventing fungal ulcers, whereas chloramphenicol pre-
vented bacterial infections, but is this assumption correct?
Is an antifungal drug really needed to prevent fungal keratitis
after corneal abrasion in a country where fungal pathogens
commonly cause ulceration?

In south India, where half of all corneal ulcers are culture-
positive for fungi,9 it is reported anecdotally that treatment of
corneal abrasions with an antibiotic ointment invariably
prevents subsequent corneal ulceration from all causes. This
observation, along with the curious lack of breakthrough
fungal ulcers in the Bhaktapur Eye Study, was the genesis of
this placebo-controlled study in south India, which was
conducted to determine whether antifungal prophylaxis is
necessary after corneal abrasion to prevent fungal keratitis.
The second goal of this study was to determine whether or
not paid village health workers (VHWs) are capable of
preventing corneal ulceration in a defined population.

METHODS
For the purpose of the study, two panchayaths (village
administrative units) with populations of 25 000 each,
Sholavandan and Melur, were chosen in Madurai district.
The combined population of 48 039 was followed for a period
of 18 months (September 2002 to March 2004) by 15 paid
VHWs whose qualifications were a high school education and
fluency in English. The VHWs were trained at the Aravind
Eye Hospital to identify corneal abrasions using fluorescein
strips and a blue torch, and were taught to measure visual

Abbreviation: VHWs, village health workers
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acuity. Supplies, including sterile single-packed fluorescein
strips, a pictorial study manual, a blue torch and a laminated
‘‘E’’ chart, were provided to each worker. The two pan-
chayaths were segregated into groups of villages that were
allotted to the VHWs based on proximity to the worker’s
residence. Each VHW was responsible for keeping track of all
ocular injuries occurring in a defined population of 3500–
4000 people. The demographic details of the residents of the
panchayaths were collected in a door-to-door survey by the
VHWs between July and August 2002, and the total
population was enumerated. Two referral centres provided
support for the VHWs, the Sholavandan Panchayath Study
Center and the Aravind Eye Hospital, Madurai, Tamil Nadu,
India, which was in close proximity to Melur. Each centre
was staffed by resident ophthalmologists and ophthalmic
assistants who were available daily to see the study patients.
Before beginning recruitment of patients, a pilot study was
carried out in the study areas for 1 month, and the
procedures and treatment regimen were followed according
to the protocol.

Patients
Inclusion criteria
Participants were included in the study if they

N were residents of the study area;

N had corneal abrasion after ocular injury; confirmed by
clinical examination with fluorescein stain and a blue
torch;

N reported within 48 h of the injury;

N were patients aged .5 years of age.

Exclusion criteria
Patients were excluded from the study if they

N were not residents of the study area;

N had clinically evident corneal infection;

N had penetrating corneal injury or stromal laceration;

N had bilateral ocular trauma;

N had pre-existing blindness (,6/60) in the non-trauma-
tised eye;

N had initiation of topical or systemic antibiotic treatment
before examination by study personnel;

N had incomplete lid closure;

N had diabetes;

N had other injuries requiring hospitalisation;

N had trichiasis;

N had dacryosystitis

N were unwilling to participate.

Treatment
The VHWs accompanied all eligible patients to one of the two
referral centres, where the diagnosis of a corneal abrasion
was confirmed by an ophthalmologist. After obtaining
written consent, patients were randomised by computer-
generated numbers into two treatment groups, and each
patient was given two tubes of ointment that were labelled
either A or B. Ophthalmologists, VHWs and patients were
blinded to the contents of the tubes. Eligible patients were
treated immediately with an application of each ointment,
and instructed to apply both ointments two more times the
first day and three times daily for the next 2 days, making a
total of nine applications. House visits were made during the
3-day period by the VHWs to check for compliance. On the
third day, the participants were brought to the referral centre

by the VHWs to be examined by an ophthalmologist at the
slit lamp. Those participants not returning to the referral
centre were visited at their homes by the VHWs and
examined with a fluorescein strip and a blue torch. The
primary outcome was complete epithelialisation of the cornea
without evidence of infection, or alternatively, the develop-
ment of a corneal infiltrate or ulcer at the site of the abrasion.
All study drugs (1% chloramphenicol ointment, 1% clotri-
mazole ointment and placebo ointment) were prepared by
the pharmaceutical division at the Aravind Eye Hospital and
seemed to be identical in both groups. The biostatistics
department at Aravind Eye Hospital was custodian of the
treatment code. The study was approved by the institutional
review board of the Aravind Eye Care system and the WHO
South East Asia Regional Office in Delhi.

RESULTS
During the 18-month period (October 2002–March 2004),
1365 ocular injuries were reported and identified by the
VHWs. Of these, 409 (30%) patients had corneal abrasions,
334 (24.5%) had conjunctival lacerations, 91 (6.7%) had
corneal injuries other than abrasions and 8 (0.59%) presented
with corneal ulcers (table 1). Thirty five patients with corneal
abrasion were excluded from the study because of the
exclusion criteria, and of the remaining 374, 123 (32.9%)
reported in the first 12 h, 89 (23.8%) from 13 to 18 h, 94
(25.1%) from 19 to 24 h and 68 (18.2%) from 25 to 48 h
(table 2). Most abrasions occurred in the 21–40-year-old
group (51.9%), and more male patients (66.3%) than female
patients (33.7%) were diagnosed with abrasions (fig 1).

The 374 eligible patients with abrasions were enrolled and
205 (54.8%) were randomised to treatment A and 169
(45.2%) to treatment B. Four of the patients had adverse
events, two dropped out of the study for unspecified personal
reasons and 368 (98.5%) healed without complications.
When the codes for treatment A (1% chloramphenicol
ointment and placebo ointment) and treatment B (1%
chloramphenicol ointment and 1% clotrimazole ointment)
were unblinded, the four patients with adverse reactions
were all in the treatment A (placebo) group. Two of the
patients had mild chemosis and irritation secondary to the
antibiotic and placebo ointments that were applied, and two
of the patients developed small single corneal infiltrates at
the site of the abrasion measuring ,0.5 mm in diameter at
the slit lamp and located in the anterior stoma just beneath
Bowman’s membrane. Both infiltrates, when cultured, were
negative for fungi, but were treated empirically with 5%
natamycin drops every 2 h for 1 week and resolved com-
pletely without complications.

Figure 1 Age and sex distribution of 374 patients treated for corneal
abrasions.

Corneal ulceration in south-east Asia 1473

www.bjophthalmol.com



DISCUSSION
This study is the third of a multicentre project carried out in
three countries in South East Asia (Bhutan, Burma and
India) in collaboration with WHO in New Delhi and the
Aravind Eye Hospital in Madurai. In this population-based,
placebo-controlled, prospective, double-blinded clinical treat-
ment trial, a population of 48 039 living in the Sholavandan
and Melur panchayaths of Madurai district was kept under
daily surveillance for a period of 18 months from September
2002 to March 2004. All patients with corneal abrasions who
met the eligibility criteria were randomised and treated with
topical chloramphenicol and clotrimazole, or topical chlor-
amphenicol and a placebo ointment, to determine whether or
not antifungal prophylaxis is necessary for the prevention of
corneal ulcers in this population in which 50% of all ulcers
are positive for fungi. The surprising primary outcome of the
study was that an antifungal prophylaxis is apparently not
necessary to prevent fungal keratitis. This becomes even more
interesting when we consider that 47% of all the fungal ulcers
in south India are caused by Fusarium spp,9 arguably one of
the most destructive and invasive of all corneal pathogens.

These results are difficult to explain. There are examples of
some antibiotics having antifungal activity. Fusarium oxy-
sporum keratitis has been reported to respond to treatment
with tobramycin,11 and in vitro studies have shown antibiotic
inhibition of pectolytic and cellulolytic enzyme activity in F
oxysporum by amoxycillin, and to a lesser extent by
chloramphenicol, erythromycin and raficillin.12 In the out-
break of Fusarium keratitis associated with contact lens wear
that was recently reported from Singapore,13 11 (16.2%) of
the 68 eyes treated with topical antibiotics alone (gentamicin
and cefalzolin) resolved ‘‘without the need for specific
antifungal therapy’’. Fusarium spp was isolated from all 11
eyes. A more pedestrian explanation, however, for why we
did not see fungal ulcers in our study, even in the placebo
group, is that our long-held belief that fungal organisms are
inoculated into the corneal stoma at the time of the corneal
abrasion is incorrect. This is reinforced by data from India9

showing that abrasions caused by organic materials are just
as likely to develop bacterial as fungal ulcers. Fungal
pathogens may only be opportunists, waiting in the environ-
ment for a slow-healing epithelial abrasion to provide access
to the corneal stroma. Perhaps rapid epithelialisation
combined with a modest antifungal effect from the anti-
biotic, or from the ointment base itself, is enough to
discourage corneal infection. The fact remains that at an
incidence of 113 per 100 000, we expected 80 corneal ulcers,
half of them fungal, to occur in our study population of
48 039 over 18 months. Instead, only eight ‘‘non-abrasion
associated’’ corneal ulcers were seen (11/100 000), and 368
(98.5%) of the 374 abrasions receiving prophylactic treatment
healed without complications. In the placebo treatment

group, where we expected to see 20 breakthrough fungal
ulcers, we found only two patients with culture-negative
microscopic stromal infiltrates that we presumed were
fungal. By contrast, a large nearby ‘‘control’’ village of 3094
people had five ulcers in 1 year, an incidence of 161 per
100 000.

Secondary outcomes of the study included a determination
of the incidence of ocular trauma in the population (table 1),
which was comparable to the data reported from Nepal.4

Unlike the studies in Nepal,4 Bhutan5 and Burma,10 patients
with corneal abrasions in south India reported for treatment
over a longer period (table 2), but this did not seem to affect
the efficacy of the ulcer prevention regimen. In addition, paid
non-governmental VHWs hired locally in India were found to
be as effective in implementing and sustaining a corneal ulcer
prevention programme as were volunteer VHWs in Bhutan5

and governmental VHWs in Burma.10 As in those countries,
the compliance of the Indian population was directly related
to the local involvement of the VHWs.

These findings raise an important question. We have
shown previously that microbial keratitis after corneal
abrasion can be prevented at the village level by simple
public health strategies using antibiotic and antifungal
prophylaxis tailored to the prevalence of pathogens causing
corneal ulcers in the population.10 This study, however, raises
the key question of which therapeutic regimen is actually
most cost-effective in achieving this goal. At present, another
trial with a larger population is being conducted in south
India to determine whether antibiotics alone can indeed
prevent both fungal and bacterial keratitis after corneal
abrasion. Hopefully the question will be definitely answered.
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To view the video reports in full visit http://bjo.bmjjournals.com/video/collection.dtl.
Video suite: Paediatric intraocular foreign bodies

N Intraocular foreign body induced anterior uveitis in a child S Rajeev, GJ Ramchandran, SF
Freedman

N Minimally invasive intraocular foreign body extraction R Maini, AI Fernando

N Horizontal binolcular saccadic failure: an early isolated sign of Demyelination A Salam,
MH Lewis, F Shawkat, D Sahu, R Morris

N Iris Reconstruction with Multipiece Endocapsular Prosthesis. LE Fernández de Castro, H P
Sandoval, DT Vroman, KD Solomon

N Posterior fixation of Artisan lens in Bullous Keratopathy. PL Dighiero, RA Bejjani, J-J
Gicquel

N Ocular motor apraxia. TN Win, DE Laws

N Bimanualirrigation and aspiration with no instrument exchange. YC Lee, MW Lee

N Intrusion of an encircling band with recurrent retinal detachment: surgical approach. E
Doyle, I Georgalas, P Sullivan, DAH Laidlaw

N Dissection of the trabeculectomy bleb pocket using a novel dissecting instrument. EZ
Blumenthal

N Dynamic ultrasound movements of the eye and orbit. JPS Garcia Jr, PMT Garcia, PT Finger

N Iris cerclage suture technique for traumatic mydriasis. LE Fernández de Castro, HP
Sandoval, KD Solomon, DT Vroman

N Lamellar keratoplasty and intracorneal inlay: An alternative to corneal tattooing and
contact lenses for disfiguring corneal scars. EJ Hollick, A Coombes, JJ Perez-Santonja,
JKG Dart

N A case report of pulsating exophthalmos. D Sahu, N Maycock, A Booth
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